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Description 

This invention relates to an injectable composition comprising polymeric bodies, particularly deformable 
hydrogel macrodisks. The invention is also concerned with a process for preparing said W-JJa 

The use ofvartous injectable or inflatable polymeric bodies for tissue augmentaUon and prosthehcmplants 

mentation comprising an aqueous suspension of a particulate biocompatible matenal and a sufficient amount 
of ^ bioSmpaTble fluid lubricant to Improve the intrudability of said compositions into the soft tissue^wh s 
US Patent No 4,686.962 dfecloses an assembly for hypodermically implanting a genitounnary , 
the treatment of urinary incontinence which includes an inflatable containment membrane which .s .nflated by 

^?™:Ct C rnUed by the transurethral injection of 
(PTFTusualH the form of a paste or encapsulated particies. See. for example. Transurethral Polytefra- 
SS£L for Post-prostatectomy Urinary incontinence" by M. Kaufman et * t e^ 
(ZTvbl 132 September 1984. p. 463-464, and the references cited therein. However, if the particles are 

Sc^plic^ 

accumulation at other sites, for example the brain, kidney or lungs. 

aTcZ application for tissue augmentation is in the treatment of a hypoplastic breast wherein a typical 
prior arVpr?s?hesis is provided by a silicone membrane enveloping a suitable bulking matenal. for example a 
saL soEton or a flexible polysLane gel. One disadvantage of the saline-containing prosthesis is that ml- 
croleaks inThe silicone membrane or valving mechanism lead to deflation of the P rosthes,s. A problem wit h 
pClo^ne^hat it contains low-molecular weight compounds, such as cyclic oligomers which slowly 
SSZ 'he patienf s system and cause problems similar to those associated with the PTFE particles die- 

^TsolS to the problems associated with earlier polymeric implants is provided by US Patent No. 
4 631 188 which discloses a method of in situ formation of a solid polymer in a mammal which i comprises , n- 
EH info said mamma, a physio.ogica..7-acceptab.e polymeric composition comprising .-^av^ 
soluble non-toxic polarsolventofawater-insoluble. non-toxic, non-cross-linked polymer or copolymer selected 
Z£S copolymers of acrylonitrile or vinylacetate. linear or slightiy branched polymers and copo- 
iToSMroxyetSyla^te and methacrylate. poiy-(N-vinyliminocarbonyl) polycondensates and polyad- 
ducts and having a solubility parameter of from about 9.2 to about 

The water-insoluble non-toxic polymers used in the method disclosed in US Patent No, 4,631.188 fall with 
in the da* o Sounds known in tne art as water-swellable hydrogels and the dfeclosure in sad patent ro- 
tating to this class of compounds is incorporated herein by reference As noted in the paterrt. 
hydrogels have been used in the art for tissue augmentation, usually in implants i of d ^*^* 
The method disclosed in the patent overcomes problems associated wfth such preformed implante by injecting 
I S2E1 said hydrogel 1 a mamma, resulting in the in situ formation of a sdid poller jnjemajai. 
This method involves the use of a water-soluble polar solvent . for example dimethyl sulfoxide (DMSO), which. 
I oXoTtoxIc" an unnecessary adjunct to the implant and has to f^^^T^SSZ 
tabolism.Furthermore, since the polymer i*water-insoluble but water-swellable. formation^ 
fedependentupon the amount of water present inthe mammalian tissue and the size and shape ofthe implant 

fe 'Sris^Thas nowbeenfound that an injectable composftion based ^^^J^ 
hydrogel but no containing undesirable solvents may be provided if the hydrogel is in the form of discrete 
ZE^bSm* hereinafter described. Moreover, the discrete, deformable bodies, since they already 
coZ Z1Z!^ <« J*r, ratain their individual identity and are stable after injection so that the 
size and shape of the Implant does not alter. . 

in accordance with the present invention there is provided an 
ality of discrete physiologically-compatible, non-biodegradable, polymeric bodies said ^,es having J an 
average outside diameJof from about 0.027 to 5.08 mm. (0.005 to 0.20 inch), (ii) reversible deformaNrty of 
about 20 to 75% of their unstressed outside diameter, and (iii) a lubricious surface. 

which prises dissolving a physiologically-compatible, non-biodegradable, water-insoluble non-aoss-hn- 
ted poWmer in a dipolar, aprotic organic solvent, rapidly injecting the resulting solution in a fine stream into a 
volume of a liquid medium which is a non-solvent for the polymer while slowly stirnng sad me- 
^riWdisaete bodies 'of the polymer are formed, washing said bodies until said solvent ,s removed and 
recovering bodies of the desired size by filtration through an appropnate sieve. nAnn * MKinn 
Selectable composition of the invention cons 
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unique characteristics which enable them to be injectable, i.e. to be introduced into and contained wrthm hy- 
pXmic needle, without the aid of a carrier or solvent. Thus the injectable compos.tton may be noUn the 
CoTa traditional solution, suspension or paste, butmerely may consist of a plurality of the above-descnbed 
Zt £m It is to be noted that a certain amount of liquid, preferably water, must be , present 
to provide the required lubricious surface hereinafter described but. in the case of a water-sw fcble hydrog* 
which has its full complement of water, the required amount of water is already present In the bodies amUc- 
1£Z addition of a carrier liquid (water) is usuaily not necessary when the m,e ctablj » compos*,n » 
used. Ate the polymeric bodies are normally stored in a suitabie sterile non-sokent. «°"^ 
ution as hereinafter described, so that the saturation amount of water is maintained and there is a neg «g.ble 
polVCof he bodies drying out and loosing their lubricious surface. The injectab ity of the bodies ,.p» 
Snarly surprising because in many instances the average stee of the bodies Is greater than the Inside^ dlam- 
1 ^ the needle in which they are to be used. Thus, as more particularly described hereinafter, when the 
bcl m inThe proCd form of macrodisks, the average outside diameter of the macrodisks may be up to 
a^th"eCstheinsklediameterofahypc<lermicneedlethroughwh 

may be attributed primarily to the characteristics which are defined herein as revers,ble deformabrfrty and lu- 

bri ° As^eroin the term "reversible deformability" means that the bodies are sufficiently flexible to be 
deformedtnto vl^ly any shape by folding, compression or both when subjected to the Phys-calsfress e- 
qSd to product therolevant deformation, for example the deformation required to introduce the brf«s into 
a hypodermic needle, but return to their original shape and size when said stress e removed. e.g. when they 

W ZXeS™'h discrete body "-■"^^^-^ — "552 
smooth and slippery so that the bodies do not stick to any surface with wh,ch they come .ntc , contad dunng 
hTperformance of the invention, for example, the inside surface of a hypodermic nee die nor do they tick 
to themselves. The fact that the bodies do not stick to themselves means that hey slip with rasped to each 
other and. when injected, can be contoured or manipulated into any deeded shape and subsequently reta.n 
their discrete identity and do not form undesirable lumps or agglomerates. tmAuMm . 

Preferably the discrete polymeric bodies are made from a water-swellable hydrogel and a Par«cularly pre- 
f«r«d h!dZe is a partially hydrolyzed polyacryionitrile. This material, when used to prepare bodies by the 
SSS^SSir^ ^i^rSon. ^IcSLdiSs having the required reve«ib.e deformability and lubri«ou» 

^t!^t!!tod* may be even further enhanced if the bodies indude a water-soluble polysao 

^ The dtreto bodies present in the compos.cn of the invention have an average o^ide^am- 

eter of from about 0 27 to 5.08 mm. (0.005 to 0.20 inch). Thus they are large enough to avo.d 
In Zir, site of iniedion which was serious problem with the micropartides. for example PTFE. used 

KrTar^ 

enough to be injectable without undergoing irreversible damage. marrod Lsks havino an 

In a oarticu arly preferred embodiment of the invention the bod.es are deformable maaodisks having an 

aver^eS^^ 

aqe diameter at the upper end of the stated range, with a few even as large as 2.54 mm (0.10 inch) * ^meter 
^ybeTn^throughanlSga needle (internal diameter 0.884 mm. (0.034 inch)) wrthnoapparentmacrod.sk 

^foan alternative embodiment, the bodies may be spherical bodies having an average outside diamete, -of 
from atout 0 254 2 15? mm (0 01 to 0.085 inch). However, with this embodiment, the bod.es are less de- 

^The unique discrete, deformable and slippery bodies which provide the injectable composition of the in- 
^T^ared bv a process which comprises dissolving a physiologically-compatible. non-b.odegrad- 
TZZ ESe non-a^ked polymer, preferably a water-swellable hydrogel. in a dipolar aprotic or- 

iniectino the resulting solution in a fine stream, for example through a hypodermic needle, into a relatively^ arge 
Ite IS medium which « a non-solvent for the polymer while slowiy stirnng sa* Unrtw. i rcthat 
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forms on the surface of each individual body, the solvent, e.g. DMSO, is expressed from the body leaving a 
discrete solid body which does not stick to or agglomerate with any adjacent body. The bodies thus formed 
are then washed, preferably with water or, alternatively with the same non-solvent used in their preparation, 
5 to remove all the solvent; and the washed discrete bodies are then recovered by filtration through an appro- 
priate sieve. 

In the above described process the non-solvent liquid medium is preferably water, usually distilled water. 
Other suitable liquids are acetone, low molecular weight alcohols, for example, methanol, ethanol or isopro- 
panol, or mixtures of these liquids with water. Generally, when the non-solvent is water the hydrogel bodies 
10 assume the form of flat disks with rounded edges, referred to herein as macrodisks, and these macrodisks 
generally have an average outside diameter of from about 0.254 to 2.159 mm. (0.01 to 0.85 inch). When the 
non-solvent is acetone there is a tendency for the bodies to form spheres. 

When the bodies are washed and recovered they may be stored in a suitable sterile non-solvent liquid, 
for example, saline solution. 

15 The injectable composition of the invention is particularly suitable for the treatment of a number of tissue 
conditions in mammals, particularly humans. The expression "tissue conditions" as used herein is intended to 
be generic to any situation or condition which requires augmentation, enhancement, medication, strengthening 
or replacement of tissue, and includes, but is not limited to: tissue augmentation of a hypoplastic breast; tran- 
surethral and periurethral injection to treat urinary incontinence; tissue augmentation of scar tissue; and treat- 

20 ment of tissue deficiency arising from severe wounds, e.g. "plastic surgery". 

The discrete bodies in the composition are preferably deformable macrodisks of a water-swellable hydro- 
gel, preferably a partially hydrolyzed polyacrylonitrile having an average molecular weight of from about 
100,000 to 150,000, said macrodisks having an average outside diameter of from about 0.254 to 2.159 mm. 
(0.01 to 0.085 inch). The size of the macrodisks prevents undesirable migration to other parts of the patient's 

25 body and the lubricity of the jmacrodisks allows for manipulation of the injected composition into the desired 
shape for the prosthesis and affords a tissue-like softness upon manual compression. Since the hydrogel is 
non-biodegradable, the prosthesis retains its integrity indefinitely. 

The invention will be more particularly described with reference to the following Examples which illustrate 
various embodiments of the invention. 

30 

Example 1 

This Example illustrates a typical procedure for preparing injectable discrete macrodisks from partially hy- 
drolyzed polyacrylonitrile (PHPA). 

35 20g. of ground PHPA was added to a beaker containing 1 80g. of DMSO and the mixture stirred at a tem- 
perature of 70°C. until the polymer was dissolved. The warm solution was vacuum filtered (5jx) and then rapidly 
injected through a 25ga needle into a container containing 2.0 liters of distilled water. The water was slowly 
stirred to ensure singulation of the macrodisks. After the macrodisks were formed they were repeatedly wash- 
ed with distilled water until substantially all the DMSO was removed. The resulting macrodisks were collected 

40 by filtration from water and sieved through a 10 mesh polypropylene screen and collected on an 18 mesh 
screen. The resulting macrodisks had an average outside diameter of 2.08 mm (0.082 inch), although disks 
as small as 1.27mm (0.050 inch) and as large as 2.54 mm (0.10 inch) were also present in small quantities. 
The overall yield was approximately 70% by weight 

45 Example 2 

Macrodisks as prepared in Example 1 were steam sterilized in a sealed 20ml. glass vial containing 30% 
w/w distilled water. The sterilized macrodisks were placed into a 3ml. plastic syringe and, using only moderate 
finger pressure, were injected through an 18ga needle with no apparent macrodisk damage. 

50 

Example 3 

Macrodisks as prepared in Example 1 were mixed with 30% w/w of a 25% (w/w) dextran (Sigma, clinical 
grade, M W 77,800) aqueous solution. After steam sterilization in a sealed 20ml. glass vial, the macrodisks were 
55 placed in a 3ml. plastic syringe and the material was expressed with only moderate finger pressure through 
an 1 8ga needle. The presence of dextran, due to its lubrication effect, facilitated injection compared to Example 
2. 
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Example 4 



10 



20 



25 



Macrodisks as prepared in Example 1 were placed in a 3ml. plastic syringe and steam sterilized in the pres- 
ence of 30% w/w distilled water as carrier Varying amounts of the composition (0.20-1 .0ml.) were injected sub- 
cutaneously in New Zealand white rabbits through an 18ga needle. Injection site biopsies were taken at one 
week, one month, and three months. Tissue reactions were very mild with a thin, well-defined continuous col- 
lagenous capsule observed around the implant material after one month. No evidence of macrodisk migration 
away from the injection site was observed histologically. 



50 



Example 5 



A solution containing 10% w/w of PHPA in DMSO was rapidly injected through a 25ga needle into 250ml. 
of slowiy stirred acetone. The resulting spherical bodies were separated and screened as in Example 1. The 
15 spheres were equilibrated in distilled water, suspended in dextran as described in Example 3, and sterilized in 
a capped glass vial. The spheres were placed into 1ml. and 3ml. plastic syringes and passed through a 15ga 
needle using moderate finger pressure. 



Example 6 



A comparison of PHPA macrodisks and spheres was made to determine what size of each would pass 
through various constricting orifices under moderate finger pressure without undergoing observable damage. 
The results are given in the following Table: 



TABLE 



Maximum Sample Minimum Needle 

Sample Type Di ameter in mm (inch) I.D. in mm (inch) 

PHPA Macrodisk 2.5^ (O.10O) 0.86 (0.03*0 U8ga) 

30 PHPA Sphere 10.075) ^ <°-° 5i| > < 15ga) 

The above results indicate that macrodisks and spheres according to the present invention compress and 
deform during injection to effectively reduce their outside diameter to pass through an injection needle of lesser 
35 inside diameterthan the outside diameterof the macrodisk or sphere. The outside diameter of the macrodisks 
may be as much as about three times the inside diameter of the needle, while the diameter of the spheres 
may be up to about one and a half times the inside diameter of the needle. 



40 Claims 

1 An injectable composition consisting of a plurality of discrete physiologically-compatible, non-biodegrad- 
able, polymeric bodies, characterized in that said bodies having (i) an average outside diameter of from 
about 0.027 to 5.08 mm. (0.005 to 0.20 inch), (ii) reversible deformability of about 20 to 75% to their un- 
45 stressed outside diameter, and (iii) a lubricious surface. 

2. A composition according to claim 1, characterized in that said bodies are made from a water-swellable 
hydrogel. 

3. A composition according to claim 2, characterized in that said hydrogel is a partially hydrolyzed polyacry- 
lon'rtrile. 

4. A composition according to claim 2 or 3, characterized in that said bodies also include a water-soluble 
polysaccharide. 

55 5. Acomposition according to claim 4, characterized in that said bodies are made from a mixture of a partially 
hydrolyzed polyacrylonitrile and dextran. 

6. Acomposition accordingto any one of the preceding claims, characterized in that said bodies are deform- 
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ablemacrodisks having an average outside diameterof from aboutO.254 to 2.159 mm. (0.01 to 0.085 inch). 

Acomposition according to any one of claims 1 to 5. characterized in that said bodies are spherical bodies 
having an average outside diameter of from about 0.254 to 2.159 mm. (0.01 to 0.085 inch). 

A process for the preparation of an injectable composition according to claim 1. characterized in thatit 
comprises dissolving a physiologically-compatible, non-biodegradable, water-insoluble, n°"- cro ^ n ** 
polymer in a dipolar aprotic organic solvent, rapidly injecting the resulting solution in a f .ne stream .nto 
relatively large volume of a liquid medium which is a non-solvent for the polymer wh,le slow* stirnng sad 
medium so that discrate bodies of the polymer are formed, washing said bodies until sa,d solvent .s re- 
moved and recovering bodies of the desired size by filtration through an appropriate s.eve. 

». A process according to claim 8. characterized In that said polymer is a water-swellable hydrogel. 
« 10. A process according to claim 9, characterized in that said hydrogel is a partially hydrolyzed polyacryloni- 
trile. 

11. A process according to any one of claims 8 to 1 0, characterized in that the polymer solution also includes 
a water-soluble polysaccharide. 
20 12. A process according to claim 11, characterized in that said water-soluble polysaccharide is dextran. 

13. A process according to any one of claim 8 to 12. characterized in that said dipolar aprotic organic solvent 
is dimethyl sulfoxide. 

25 14. Aprocess according toany one of claims 8 to 13. characterized in thatsaidliquid medium is water, acetone 
or a low molecular weight alcohol. 



Patentanspruche 



1. injizierbare Zusammensetzung. bestehend aus einer Vielzahl drskreter. physro log.sch vertraglicher n cht 
b iologisch abbaubarer Polymerkarper, dadurch gekennzeichnet. daB die K5rper (.) ernen 

chen AuBendurchmesser von etwa 0.027 bis 5.08 mm (0.005 bis 0.20 inch), (h) erne reversrbte Ve rorm- 
barkTvon etwa 20 bis 75 % ihras entspannten AuBendurchmessers und (iii) eine gleftfahige Oberf liche 
aufweisen. 

2. Zusammensetzung nach Anspruch 1. dadurch gekennzeichnet. daft die Korper aus einem wasserquell- 
baren Hydrogel hergestellt sind. 

« 3. Zusammensetzung nach Anspruch 2, dadurch gekennzeichnet, daB das Hydrogel aus einem teilweise 

hydrolysierten Polyacrylnitril besteht 
4. ZusammensetzungnachAnspruch2oder3.dadu rc hgekennzeichnet.daBdieK6rperfernereinwasser- 

I5sliches Polysaccharid umfassen. 
45 5. ZusammensetzungnachAnspruch4.dadurohgekennzeichnet.daBdieK6rperauseinemGemischeines 

teilweise hydrolysierten Polyacrylnitrils und Dextran bestehen. 

6 Zusammensetzung nach einem der vorhergehenden AnsprOche, dadurch gekennzeichnet daB , diel K6r- 
per aus verformbaVen Makroscheiben eines durchschnittiichen AuBendurchmessers von etwa 0.254 b.s 
2.1 59 mm (0,01 bis 0,085 inch) bestehen. 

7. Zusammensetzung nach einem der AnsprOche 1 bis 5. dadurch gekennzeic ^ ^ 'fSZZ^ 
gelformigen Korpern eines durchschnittiichen AuBendurchmessers von etwa 0,254 b,s 2.159 mm (0.01 
5$ bis 0.085 inch) bestehen. 

8 Verfahren zur Herstellung einer injizierbaren Zusammensetzung nach Anspruch 1 . dadurch gekennzeich- 
TdaB e^ e Auflfise'eines physiology vertraglichen. nicht biologisch abbaubaren wasseru os^- 
chen. nichtvernetzten Polymeren in einem dipolaren. aprotischen. organrschen Lfisungsmrttel, e.n ra- 



6 



EP 0402 031 B1 



sches Injizieren der erhaltenen LSsung In einem feinen Strom In ein relativ groBes 
scnes injKiere darstellenden flOssigen Mediums unter langsamem RQhren des Medi- 

M5l T!^dSSS^ Waschen der K6rper bis " Entfernun9 des 

Z^T^Z^TS:^ der ge^nschten GKW. durch R«ra«on durch e,n g- 
eignetes Sieb umfa&t 

9. Verfahren nach Anspruch 8, dadurch ge^^ 
drogel besteht 

10. Verfahren nach Anspruch 9. dadurch gekennzeichnet, daft daa Hydroge. aus einem teiiweise 
hydrolysierten Polyacrilnitril besteht 

11. Verfahren nach einem der AnsprOche 8 bis 10. dadurch gekennzeichnet. da* die Polymeria ferner 
ein wasserlosliches Polysaccharid umfaat 

12. Verfahren nach Anspruch 1 1 . dadurch gekennzetehnet. da* das wasserlosliche Polysaccharid aus Dex- 
tran besteht. 

13 Verfahren nach einem der AnsprOche 8 bis 1 2, dadurch gekennzeichnet da* das dipolare, aprotische, 
20 organische Lfisungsmittel aus Dimethylsulfoxid besteht 

14 Verfahren nach einem der AnsprOche 8 bis 13, dadurch gekennzeichnet da* das flussige Medium aus 
' Wasser, Aceton oder einem niedrigmolekularen Alkohol besteht. 
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Revendications 



tuositt. 

Composition suivant la revendication 1, caracterfeee en ce que lea corps sont prepare* a partir d'un hy- 
drogel pouvant gonfler dans I'eau. 

Composition suivant la revendication 2. caracterisee en ce que I'hydroge. est un polyacryionitrile partial- 
lement hydrolys6. 

4 Composition suivant la revendication 2 ou 3. caracterisee en ce cue ies corps component egalement 
40 un polysaccharide hydrosoluble. 

5 Composition suivant la revendication 4. caracterisee en ce que Ies corps sont prepares * partir d'un me- 
lange d'un polyacrylonitrile partiellement hydrolyse et de dextrane. 
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b 0,085 inch). 



soient rormes, le iav* y * — r- j — . 

Ies dimensions d6sir6esi>ar filtration * travers un tamis appropnd. 
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9. Proc6d6 suivant la revendication 8, caracals* en ce que ie polymfcre est un hydrogel pouvant gonf ler 
dans I'eau. 

s 10. Precede suivant la revendication 9, caracterise en ce que Chydrogel est un polyacrylonitrile parliament 
hydroiysd. 

11. Proc6d6suivantrunequelconquedesrevendications8^10^ 
comprend 6galementun polysaccharide hydrosoluble. 

10 12. Proriddsuivant^ 

13. Proc6dd suivant I'une quelconque des revendlcations 8*12, caract6ris6 en ce que le solvent organique 

aprotique dlpolaire est le dim6thylsulfoxyde. 
15 14. Proc6d6 suivant I'une quelconque des revendlcations 8 613, caract6ris6 en ce que le milieu liquide est 

I'eau, l'ac6tone ou un alcool de bas poids mo!6culaire. 
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